Recently, various kinds of biomarkers have been found to be useful for the diagnosis and therapy of diseases. The NIH definition of a biomarker is "a characteristic that is objectively measured and evaluated as an indicator of normal biological processes, pathogenic processes or pharmacologic responses to a therapeutic intervention." 1) Specifically, tumor markers have been essential in the early diagnosis and follow-up of therapy on special malignancies. For example, carcinoembryonic antigen (CEA), prostate specific antigen (PSA) and CA 19-9 are tumor-associated antigens or tumorspecific antigens that are increased in the sera of patients with colorectal cancer, prostatic cancer or pancreatic carcinoma, respectively, 2-4) and Bence-Jones protein 5) and homovanillic and vanillylmandelic acid 6) are specific products generated from myeloma and neuroblastoma, respectively.
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Yoshioka et al. 7) found that 2Ј-deoxycytidine (dCyd) was increased in the plasma of Egyptian patients with breast cancer who were treated with cyclophosphamide-methotrexate (MTX)-5-fluorouracil (5FU) (CMF combination chemotherapy) after surgery and still had a poor prognosis, while it was not increased in those with a good prognosis. In view of these findings, we proposed that dCyd might be a biomarker for breast cancer. Moreover, Ahmed et al. 8) confirmed that dCyd levels were correlated well with the number of chemotherapeutic courses and were higher in patients with positive lymph node metastases. Elstein et al. 9) reported that dCyd decreased the incidence of 5FU-induced apoptosis and that dCyd significantly mitigated 5FU-induced cell growth inhibition in synchronized murine erythroleukemic cells. Because dCyd is a pyrimidine, we postulate that increased levels of dCyd in such patients might diminish the anti-tumor effects of anti-metabolic chemotherapeutic agents, especially nucleoside analogs. The CMF combination chemotherapy includes the pyrimidine analog 5FU, by which both DNA [10] [11] [12] [13] and RNA 14, 15) synthesis are inhibited (Chart 1) 16, 17) ; thus, there is a possibility that the poor diagnosis in such patients might be due to an interaction between dCyd and 5FU that results in the decreased anti-tumor efficacy of 5FU.
Peterson et al. 18) reported that the treatment of S-phase arrested Chinese hamster V76 cells with 5-fluoro-2Ј-deoxyuridine (FdUrd), which is an anabolite of 5FU by thymidine phosphoryrase (TP), stimulated 8-azaguanine-resistance and increased the mutation frequencies by about two-fold greater than the spontaneous ones. In the presence of dCyd, furthermore, such mutation frequencies were increased, and the FdUrd-sensitivity was reduced in 8-azaguanine-resistance cells, which lack the essential hypoxanthine-guanine-phosphoribosyl transferase (HGPRT) functions in the salvage synthesis of purine nucleotides. However, considering the clinical situations, it is important to know whether an interaction between dCyd and 5FU occurs in asynchronized cells. In the present study, we examined the effects of dCyd on the cytotoxicity of 5FU against the viability of asynchronized cells.
We used SP2/0-Ag14 (SP2/0) mouse myeloma cells lacking HGPRT (8-azaguanine-resistance) and RH4 19) hybridomas, which have HGPRT due to the fusion of medial iliac lymph-node cells with SP2/0 cells. 20) In these cells, differences in the nucleoside synthesis pathway of MTX, an antimetabolite, are reported to show a significant anti-tumor activity against SP2/0, but not RH4, cells. 21, 22) Thus, the use of these different types of cells should provide valuable information for understanding the interaction between dCyd and 5FU.
Here, we report that co-, but not pre-, treatment of dCyd diminishes the cytotoxic effect of 5FU in both SP2/0 and RH4 cells under asynchronized conditions in vitro and that HGPRT might be involved in this interaction. In the in vivo study, co-administration of dCyd tended to shorten the prolonged survival of mice treated by 5FU. These results indicate that evaluation of dCyd in plasma should be a useful biomarker not only for diagnosis/prognosis but also for the prediction of 5FU sensitivity in breast cancer patients. Cell Cultures of SP2/0-Ag14 Myeloma Cells and RH4 Hybridomas SP2/0-Ag14 mouse myeloma cells (SP2/0) were obtained from the Collection of Cancer Cell Lines (National Institute of Hygenic Science, Tokyo). RH4 hybridoma was produced in our laboratory as reported previously. 19) These cells were maintained in culture in RPMI containing 10% heat-inactivated FBS, penicillin at 100 U/ml and streptomycin at 100 mU/ml. The cells were grown in 100-mm plastic tissue culture dishes under a humidified atmosphere of 5% CO 2 at 37°C.
MATERIALS AND METHODS

Chemicals
Measurement of Cell Viability in Vitro dCyd and 5FU were dissolved in sterilized PBS at a given concentration and filtrated through a 0.22-mm filter. Cell suspensions at a density of 1ϫ10 5 cells/ml were plated in 24-well (1.0 ml per well) plates containing a given dCyd-or 5FU-containing test solution. After 72 h incubation, the cells were removed from each well by pipetting, and then their cell viability was evaluated by a trypan blue exclusion test. 23) As for pre-treatment with dCyd, a SP2/0 cell suspension at a density of 1ϫ10 4 cells/well (200 ml/well) was plated in a 96-well plastic tissue culture plate and incubated at 37°C for 24 h. The medium was replaced with a fresh medium containing dCyd (pre-treatment) or PBS (co-treatment) at a given concentration. Four days later, the medium was replaced with a designated medium containing 5FU (pre-treatment) or dCydϩ5FU (co-treatment), and the cells were cultured for two days. Thereafter, the cell viability was evaluated (Fig. 3) . Survival of Mice Bearing SP2/0 Myeloma Tumors BALB/c mice (male, five weeks old, weighing 20-25 g) were obtained from Japan SLC (Hamamatsu). The drug administration schedule is shown in Fig. 4 . SP2/0 myeloma cell suspensions were inoculated into the mice (intraperitoneally (i.p.), 1ϫ10 6 cells/mouse). From the next day through the 8th day, the test solution (control: PBS, dCyd: 0.1 mmol/kg, 5FU: 0.15 mmol/kg, dCydϩ5FU: dCyd at 0.1 mmol/kgϩ 5FU at 0.15 mmol/kg) was administered intraperitoneally on a daily basis, and the survival was evaluated.
The protocol used here was performed according to the guidelines of the Japanese Society for Pharmacology and was approved by the Committee for Ethical Use of Experimental Animals at Setsunan University.
Statistical Analysis of Cell Growth Data were analyzed by the F-test for variance and the Student's t-test using the DA-stat program for significance. Survival curves were calculated using the Kaplan-Meier method, and differences in survival periods were analyzed with the log-rank test.
RESULTS
Effect of dCyd Co-treatment with 5FU on SP2/0 Cell Viability The effects of 5FU, both alone and in combination with dCyd (dCydϩ5FU), on the viability of SP2/0 cells are shown in Fig. 1 . 5FU dose-dependently decreased the cell viability. 1 mM dCyd had no effect on the cell viability, and its combination with 5FU significantly increased the effects compared with the case of 5FU alone (Fig. 1a) . At 1 mM of 5FU, dCyd in the concentration range from 0.1 to 10 mM increased the 5FU-induced decrease of cell viability by up to approximately 30%, and the increment of cell viability with dCyd did not show dose-dependency (Fig. 1b) .
Effect of dCyd Co-treatment with 5FU on RH4 Cell Viability As shown in Fig. 2a , there was a dose-dependent decrease of the viability of RH4 hybridoma cells by the 5FU treatment, and this cytotoxic effect in RH4 cells was observed at lower concentrations of 5FU than that in SP2/0 cells. As with the case of SP2/0 cells, dCyd showed the doseindependent increase on the 5FU (0.3 mM)-treated cell viability at 0.1, 1 and 10 mM in RH4 cells, with increased effects on the viability of approximately 20% (Fig. 2b) .
Effect of dCyd Pre-treatment with 5FU on SP2/0 Cell Viability Co-treatment of dCyd with 5FU significantly increased the cell viability of SP2/0 cells compared to the case of 5FU alone. In contrast, the pre-treatment with dCyd for four days did not show any effect on the 5FU-induced decrease of SP2/0 cell viability (Fig. 3) .
Effect of dCyd Treatment with 5FU on Survival of SP2/0-Bearing Mice With the transplantation of SP2/0 cells to mice, their survival was time-dependently decreased in the control and dCyd groups, with the mean survival times calculated as 25 and 24 d, respectively. This survival time of mice was significantly increased to 48 d by the 5FU administration, and this prolonged survival tended to be decreased to 40 d by the co-administration of dCyd (Fig. 4) .
DISCUSSION
In this study, we examined whether dCyd had any effect on 5FU's anti-tumor activity in vitro and in vivo. Treatment with dCyd diminished the cytotoxic effect of 5FU in SP2/0 and RH4 cells in vitro, and the prolonged survival of SP2/0-bear- ing mice receiving 5FU treatment was shortened by the coadministration of dCyd in vivo. These findings were obtained with asynchronized cells, differing from the study performed by Peterson et al. 18) with synchronized cells. Thus, it is suggested that in breast cancer patients with high plasma levels of dCyd, 5FU might not exhibit the anti-tumor effects as expected, resulting in poorer prognoses.
The following results obtained here might be important for clarifying the mechanism underlying the interaction between dCyd and 5FU: (1) RH4 cells had a higher sensitivity to 5FU than SP2/0 cells did, and (2) the recovery rate of cell viability with dCyd was greater in SP2/0 cells than in RH4 cells (Figs.  1, 2) . Since SP2/0 cells lack the HGPRT found in RH4 cells, we postulate that HGPRT might play an important role in the expression of the anti-tumor activity of 5FU, while it might have a minor role in the decrease of the cytotoxic effect of 5FU by dCyd. However, it was concluded that the contribution, if any at all, of HGPRT in this interaction was negligible. This conflicts with the report of Peterson et al., 18) in which the mutation frequency induced by the 5FU anabolite FdUrd is increased in synchronized HGPRT-lacking cells. Although the details are not clear, differences in the experimental conditions such as the drug treatment schedules, cell types, end points of evaluation, etc., are considered to be the causes of this discrepancy.
The decreasing effect of dCyd on 5FU anti-tumor activity was observed under the co-treatment condition, suggesting the possibility of their interaction during the cellular uptake of dCyd (Chart 1 I) and 5FU (Chart 1 II). It is reported that 5FU is transported by organic anion transporter 2 (OAT2), 24) OAT3 25) and sodium-dependent nucleobase transporter 1, 26) and no contribution of nucleoside transporters (by which nucleobases are taken up into cells) has been demonstrated for its transport. 27, 28) On the other hand, dCyd is a pyrimidine nucleoside analogue, so the nucleoside transport system may mediate its cellular uptake, but there is no available information on its membrane transport. Thus, clarification of the transport system for dCyd should lead us to a better understanding of the interaction between dCyd and 5FU, and this project is now underway in our laboratory.
In conclusion, we showed that dCyd decreased the antitumor effects of 5FU in in vitro and in vivo experiments. These findings suggest that the evaluation of dCyd in plasma should be a useful biomarker not only for diagnosis/prognosis but also for the prediction of 5FU sensitivity in breast cancer patients. 
